Introduction
Soils play an integral role in the development and sustainability of ecosystems. Among the many ecohydrologic influences of soil properties, different process controls at the land surface may be exhibited. Soil properties such as bulk density, saturated hydraulic conductivity, and albedo affect processes such as infiltration, nutrient transport, and evapotranspiration. To better understand the influence of soil properties and other ecological parameters, modeling software packages have been created to simulate different hydrologic and environmental conditions. The ArcView Soil and Water Assessment Tool (ArcView SWAT), developed by the Texas A&M University Blacklands Research Center (BRC), is a geographical information system (GIS), physicallybased modeling tool for predicting the impact of land management practices on water, sediment, and agricultural chemical yields (Di Luzio et al., 2002) . A modified GIS-based version of the State Soil and Geographic (STATSGO) Database is currently available for download from the BRC SWAT website. The modified STATSGO data set serves as the soils input for the ArcView SWAT model (BRC, 2001) . While useful, the STATSGO data set was originally intended only for multistate, river basin, and state level modeling. The spatial scale of the STATSGO data set is 1:250,000, which is not adequate resolution for modeling at the county level or below (USDA, 1991) .
The Soil Survey Geographic (SSURGO) Database, developed by the United States Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS), provides the highest level of detail available in soils data on a county-wide basis. Typical spatial scales are 1:15,840, 1:20,000, or 1:24,000; therefore the SSURGO data set may be used for state, township, and landowner level modeling (USDA, 1995) . Figure 1 illustrates the difference in spatial resolution between the STATSGO and SSURGO data sets for a section of the Leon Creek watershed near San Antonio, Texas. GIS-based versions of the SSURGO data set are available for download from the USDA/NRCS website (USDA/NRCS, 2001a). Unfortunately, in its standard format, the SSURGO tabular source data is incompatible for direct use by the ArcView SWAT model. The SSURGO data set does, however, contain all of the parameter values necessary to produce an input soils data file that can be used by the ArcView SWAT model.
A method was developed by the BRC and the USDA/NRCS to convert the SSURGO data set for a county into the modified STATSGO format (Wang and Buland, 2002) . This procedure accomplishes the given task; however it contains two major limitations. First, the BRC-USDA/NRCS method completely relies on the third-party commercial software package, Microsoft Access, to facilitate the conversion. Second, this method is very time consuming. Users are required to complete 27 steps simply to convert the attributes data of a single county. An additional problem arises because the BRC-USDA/NRCS method was only developed to convert the SSURGO 1.0 data set. Recently, a new SSURGO 2.0 data set has replaced the old version. The data format of the new version is structurally different than the earlier version. Therefore, the BRC-USDA/NRCS method can not be used with the currently available data.
Modeling at the county level and below with higher resolution is essential for understanding ecological processes at smaller spatial scales. Transport modeling in a riparian buffer zone presents an obvious case where higher resolution at a smaller spatial scale would be desired. Use of the SSURGO 2.0 data set provides a resolution advantage over what has been previously available within the ArcView SWAT model. Therefore, a new method is needed to convert the SSURGO 2.0 data set into a format that can be used by the ArcView SWAT model.
Objectives
The focus of this paper is the design and implementation of a SSURGO 2.0 data set pre-processor extension for the ArcView SWAT model. The extension allows users to readily integrate SSURGO 2.0 data sets into the ArcView SWAT model, which may improve soil resolution capabilities. This work was completed in three phases:
1. Variables and relationships within the SSURGO 2.0 data set that correspond to the required parameters of the ArcView SWAT model were identified.
2. A basic methodology was designed to extract and associate the identified SSURGO 2.0 values into a cohesive data set that can be used by the ArcView SWAT model.
3. The methodology was implemented in the form of an Avenue script extension for use with the ArcView SWAT model.
Methodology
Each county or grouping of counties that make up a particular SSURGO 2.0 data set consists of two principal data components. The first is a GIS-based, vector data format available as either a shapefile or coverage. This component allows a user to view the distribution of soils in a graphical format. Either format is recognized by ArcView; however, both must first be converted to a raster grid format before being used in the ArcView SWAT model. Associated with each shapefile or coverage is a unique attributes table. The attributes table provides a list of the different polygons that represent the continuous coverage of soils contained in that shapefile or coverage. Each of the polygons denotes a different soil type, which may appear one or more times throughout the data set. Different soil types are uniquely defined in the attributes table by a numerical code, referred to as the map unit key, or mukey. Since the same soil type may appear at different locations simultaneously in the shapefile or coverage, there may be more than one record in the attributes table with the same mukey value.
The mukey value field provides a many-to-one relationship from the graphical aspect to the second principal data component, which are the tabular data sources. Contained within the tabular data sources are the parameter values for the soil properties associated with each soil type in the shapefile or coverage. A tabular data source is stored in 61 different ASCII text files, each containing a relationship to one another. Metadata giving a complete listing of the text file names and their respective fields may be found on the USDA/NRCS SSURGO website (USDA/NRCS, 2001b). To obtain the 131 input parameters for the ArcView SWAT model (see Table 1 ), it is not necessary to query all of the tabular data source text files. All of the required fields are located in the map unit, component, and horizon text files. Table 2 presents a descriptive summary for each of the three tabular data sources. All of the tabular data source text files contain a field, called the primary key, which uniquely identifies each record. Fields contained in the three required text files define a relationship between each of the files. Figure 2 provides an example of the relationship between both principal data components and among the required tabular data sources. Soil type polygons in the shapefile or coverage are related through the mukey field to a unique record in the map unit text file. The Map unit text file contains the Table 2 . Description of required SSURGO 2.0 tabular data sources.
Tabular Data Source Description
Map Unit Contains the set of possible soil types that appear in a SSURGO shapefile or coverage.
Component
Properties of the components associated with each map unit value. Some parameters include: % composition, hydrologic group, and albedo.
Horizon
Horizons and soil properties for each component. Some parameters include: bulk density, % organic matter, % clay, % silt, and % sand. set of all possible soil types that may appear within a particular SSURGO 2.0 data set. Mukey is the primary key of the map unit text file. Map unit has a one-to-many relationship to the component text file through the mukey field. The primary key the component text file is the cokey field. Finally, component has a one-to-many relationship to the horizon text file through the cokey field. The primary key in the horizon text file is the chkey field. Thus, a single record in the shapefile or coverage may cascade into an association of multiple horizon records. This would be intuitive since a particular soil polygon may have more than one soil component, each containing multiple horizons. Using these fundamental relationships, a basic methodology to extract the required parameters from a SSURGO 2.0 data set was developed.
The initial problem with the available SSURGO 2.0 data set is its structural format. All of the 61 ASCII text files for each data set are delimited using the pipe character. ArcView only allows a user to import a text file that is delimited by tabs or commas. An additional problem is the presence of quotation quantifiers in the tabular source data. Quantifiers are used to denote data that should be interpreted in character format. A procedure was first needed to import the three delimited text files into table documents within ArcView. Once the text files are imported, records are associated through the table relationships shown in Figure 2 . The records in the map unit table are first joined to the matching records in the component table. Next, the resulting table is joined to the matching records in the horizon table. Calculation fields are added to correct any unit inconsistencies between the SSURGO 2.0 data set and the corresponding input parameters that the ArcView SWAT model requires. Other necessary fields are appended that require a calculation based on values in the joined data set. After the calculations are complete, data in the final table are reformatted to exactly resemble the usersoil.dbf file, which is used as the soil input file by the ArcView SWAT model. Figure 3 Once the basic method was established to extract the required parameter values from a SSURGO 2.0 data set, a collection of Avenue scripts were written and tested to complete the processing tasks. Avenue is the object-oriented programming language native to the ArcView program. The scripts were compiled into an extension for ease of use within the ArcView program graphical user interface. Information regarding the availability of the SSURGO Pre-Processor extension for the ArcView SWAT is given in the availability section of this paper.
Application and Results
After successful implementation and testing of the SSURGO pre-processor extension, an ArcView SWAT model case study was developed. The purpose of the case study was to look for effects of soil data set resolution within the output of the ArcView SWAT model, specifically water yield. The area of study chosen was the Leon Creek watershed near San Antonio, Texas. This watershed was selected primarily for its presence within a larger study being conducted by the authors to evaluate the effects of urbanization in the semi-arid Edwards aquifer region. GIS data sets for the study are given in Table 3 . Different land cover classes within the Leon Creek watershed and their percent compositions are given in Table 4 . The total area for the watershed was approximated at 536-km 2 . Areas of sub-basins 1 through 5 (in km 2 ) were: 197.5, 102.5, 0.04, 110.7, and 125.4, respectively. STATSGO and SSURGO data sets for the area were obtained and processed (see Figures 4a, b , Tables 5, 6 , and Appendix A). The simulation period selected was January 1, 1990 through December 31, 1994. This study period was chosen to coincide with the available 1992 USGS land cover data set. It was assumed that a negligible land cover change took place over the 5 year period. During model development for the Leon Creek watershed, a single set of input files were created. The purpose was to allow for identical simulation runs using the two different soil data sets. The SWAT simulated precipitation time history used in both models is given in Figure 5 . Default simulation parameter values were selected for both model runs (see Table 7 ). The output parameter of interest for both models was water yield. Water yield is the net amount of water that leaves the sub-basin and contributes to streamflow in the reach during the time step . Differences in water yield may indicate that the resolution of the two soil data sets have an influence within the model. Figures 6 through 10 present the water yield results for two (a) Soil names and hydraulic group values for class labels are given in Table A2 of Appendix A.
model runs using the STATSGO and SSURGO data sets for the Leon Creek watershed. Figure 11 provides an illustrative comparison of the differential water yields for all of the sub-basins within the Leon Creek watershed. Sub-basins 1, 2, and 4 produced greater water yields when modeled with the SSURGO data rather than the STATSGO data. Sub-basin 3 also had a greater water yield but at a smaller magnitude than subbasins 1, 2, and 4. Sub-basin 5 exhibited almost no changes in water yield when the results for both soil data sets were compared. Land cover could have played a strong factor in the results. Referring to Table  5 , greater than 60% of the land cover in sub-basins 1, 2, and 4 were forest and rangelands. The higher resolution SSURGO data may have increased surface, lateral, or groundwater flows. It could have additionally or alternatively contributed to reduced transmission losses and/or ponding. Soil hydraulic groups appeared to coincide in each data set with respect to dominant soil class presence (see Tables 5, 6 , A1, and A2). Within sub-basin 5, approximately 50% was impervious surface area. Water yields in subbasin 5 were likely affected by the impervious land cover. This is to be expected since the curve number method was applied within the model to calculate runoff. Therefore, the primarily impervious sub-basin may have been influenced to a lesser extent by the soil data, regardless of the resolution contained within the data set.
Conclusions
This paper presents the design and implementation of a SSURGO 2.0 data set pre-processor extension for the ArcView SWAT model. The extension allows for the integration of SSURGO 2.0 data sets into new or currently existing ArcView SWAT models. A case study for the Leon Creek watershed was developed to illustrate the effects that a SSURGO data set may have on modeling. Results indicated that an increase in water yield was found when a SSURGO data set was used in place of a STATSGO data set under identical modeling conditions for the Leon Creek watershed. The primary focus of this work was the creation of a tool, and it is beyond the scope of this paper to address exact reasons why the differences in water yield occur. Modeling results therefore may or may not be improved with the inclusion of the higher resolution SSURGO soils data. Further studies are needed to assess additional factors, such as spatial correlation between soil type and land cover, or other uncertainties associated with the SSURGO data when used within the ArcView SWAT model.
Availability
The SSURGO pre-processing extension for the ArcView SWAT model is available for download at the following website address: http://lcluc.tamu.edu/ssurgo. Installation instructions and a detailed procedure for the case study presented in this paper are also available. 
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